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REMOTE  SENSING OF RADIO  EMISSION FROM CONVECTIVE  CLOUDS 
INCLUDING  TRANSMISSION VIA SPORADIC E 
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ABSTRACT 
Narrow  band slices have  been  taken of the  radio emission spectrum  from  convective  clouds in the  frequency 

range  from 30 mc./sec. to  550 mc./sec. and at 7.5 kc./sec. to  monitor  long  and  short  range  lightning discharges. Despite 
the  careful choicc of the  bands  to  avoid  interference  from  manmade sources, a major  problem is the  identification of 
spurious noise. In  spite of these  interferences,  radiation  apparently  associated  with growing convective  clouds  has 
bccn observed  from an  aircraft.  The  number of discharges prr km.* per scc. observed at the different  frequencies is a 
frrnct'ion of receiver sensitivity,  suggesting that  "atmospherics" vary greatly in spcctral  intensity. The number of 
discharges  observed  generally exceeds previous  estimates. A relation  between  the  occurrence of sporadic E and major 
thunderstorm  precipitation  areas is reportcd  and  evaluated  in  light of previous  observations of the  similar  relation- 
ships.  Together,  the  concepts  suggest n linkage  between  strong solar flare activity  and  anomolous  thunderstorm 
rainfall. 

1. INTRODUCTION 
Sometime  prior to 1957, Dr. Ross Gunn  stimulated a 

research  project at'  the  Naval Research Laboratory in 
Washington, D.C., for t'he purpose of looking for and 
studying  the microwave emission from  t>hunderstorms. 
The  study mas conducted  by Gibson [5] who reported 
that  at least  in  one  important,  instance tlhe radiomet'er 
radiation  appeared t.o exceed the  upper  limit possible for 
pure  thermal  radiation  and  he supposed that it must  be 
due  to some sort of electromagnetic energy radiating from 
the electrified cloud. A number of studies since that time 
have recorded either  radiometer  observattions  or pulse 
informat'ion at  UHF, VHF, and microwave frequencies 
that appear  to  originate  within  convective clouds. 

A vast  amount of research has been done on t'he c,harac- 
teristics and sources of radio noise of atmospheric and 
terrestrial origin. The purpose of Gunn's proposal and 
that of t,he research  reported in t,his paper is to use the 
electromagnetic emission from convectlive clouds to  study 
the behavior of t,he cloud itself. It is necessary,  then, to 
consider  t'he cloud as a source of radio noise prior to :L 
full lightning  discharge as well as during  t'he  act,ive dis- 
charge st,age. It. has been known for n long  time that 
many clouds are  electromagnetically noisy prior to  the 
onset of lightning and  during  the periods between flashes. 
Examples of reports of non-lightning and lightning 
related  radiation at  higher frequencies appear  in  the 
works of Gibson [5], Fleischer et al. [4], IZimpara [9], 
Hogg and Semplak [6], and  Sartor [16]. 

Key West,,  Fla., was chosen as t>he site of o11r study 
because of the regular presence of numerous isolat,ed 
convective clouds that'  precipitate  and  extend  through 
considerable depths of the atmosphere. The studies were 
carried out during  the summer of 1964 usin:: a radio 
receiving system of five narrow-band receivers and one 
7.35 kc./sec. sferics receiver in  the maiden research project 

with  the first Queen Air aircraft of the  National  Center 
for At'mospheric  Research. The syst,em concept used on 
this research project  is geometrically and  to some extent, 
physically,  very  similar to t,he  reception of atmospherics 
from a sat,ellite. 

This  paper  report's also the  results of an investigation 
of the relationship  between the occurrence of heavy 
thunderstorm  precipitation  and  sporadic E. During  the 
field study occasional interference  from  radio  trans- 
missions ria ionospheric sporadic E TVRS observed. Many 
other sources of spurious noise were found and identified 
or avoided.  Most were associated xvith manmade sources 
and mere eliminated by flying farther  away from land to 
make t2he measurements. But  it  was necessary to monitor 
the 5O-mc./sec. band  to  identify  the occurrences of 
sporadic E during  the observat,ional periods. Aft'er n 
number of occasions when sporadic E mas identified as 
originat.ing from States to the  north, a relationship be- 
tween these occurrences and  the occurrence of unusually 
heavy  precipitation in t,he region between the signal 
source and  the  point of our  reception vas suspected. 
During  t,he data analysis  phase of the  Key  West field 
studies,  an  attempt, was made  to  investigate  this sus- 
pected relat,ionship. 

2. RECEIVING  AND  RECORDING  SYSTEM 

The radio receiving system consist,ed of receivers tuned 
in approximately  octave  st,eps  to 30.0, 50.5, 144.05, 220.5, 
and 550.1 mc./sec. and transistorized to allow  low  power 
consumption, high reliability, and low weight,. The 7.35- 
kc./sec. tuned R F  sferics receiver was int,ended for the 
identific,ation of all lightning discharges in or beyond the 
area covered by  the higher frequency receivers. All six 
were narrow-band (10 kc./sec.) to avoid  interference. 
Det,ails of the radio receivers, the recording system,  and 
other  instrumentation  are described in detail by Sartor 
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FIGURE l.--i\ircrsft data-sensing and  data-recording system. 

tracked  t'he  aircraft  during  flight to help  reconstruct  the 
flight, path in relation to  the cloud position. The acquisition 
portion of t,he set was also used to determine when clouds 
were precipitating. The general sc,hemat,ic diagram for the 
aircraft  and  ground  research sensing and recording  system 
is shown in figure 1. 

3. INSTRUMENT  CALIBRATION 
The  aircraft.  antennas \\-ere calibrated  on  the ground by 

moving  the transmitter  about  the  aircraft  in a fixed radius 
circle. The resnlt,ing  ant,ennn patterns  are superimposed 
in figure 2. which is shown not  to provide specific informa- 
tion,  but  to  illustrate the complexity,  irregularity,  and 
contrasts of the  patterns.  The effect of this  situation on 
the  study will be discussed later. 

In-flight, aircraft  antenna  calibrations mere attempted 
:It 50 mc./sec. and 144 mc./sec. using a transmitter oper- 
at,ed  front :t small sandbar  about 6 mi. off the southern 
coast of the  Keys. Although  these efforts provide valuable 
qu:ditnti\-e  information on the  antenna  patterns  in  the 
vertical,  qnantitntire calibrations were impossible because 
o f  the lack of accurate  tracking  information. The  radar 
could  not pick up  the  aircraft a t  t,he low flight altitudes 
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FIGURE P."Polar  diagram of antcnna  factors expressed in dccihrls 
dcviation from  aircraft nosr-o1t configrtr:ttion. 

needed for calibrat'ion,  and on-board flight data infoml:l- 
tion was not, available. 

The electric field probes were calibrated  by flying close 
to  :I thnnderstorm  until  the  aircraft, went into coromt and 
then  setting  the electric.  field recording to s h o ~ v  f1dl-sc.aIe 
deflection in the thunderstorrn electric field. Thlls, when- 
ever a significant deflection of the recorder occurred 
during  subsequent  observations, it cw~ld be associated 
with the  mngnitlde of  thunderstorm fields. The import- 
ance of tlle electric field informat~ion is to enable 11s t o  
determine when t'he  aircraft n-as in coronn :~nd  to identify 
this as ti source of spurious radio  information as well :IS 
to positive informat.ion on the existence o f  strong e1ect)ri- 
ficntion in the cloud studies. 

4. DATA  ANALYSIS 
Previous  laboratory  and field results by Sartor [15, 161 

swggested that' for t.he study o f  clouds, 1)ulsc  inforrn:ltion 
on t'heir electrorn:lgnet,ic. rttdiation c.llnr~lc,terist.ic*s might 
be used to st,ttdy the  stage of particle  growth m d  electri- 
fication. The nmplitude of t,he pulses versus distance from 

a possible cloud source mas to  have been used to study 
the electromagnetic  radiation  characteristics as a function 
of the development of the cloud. The  data were analyzed 
frequency-by-frequency in two ways. First, a simple  pulse 
count wns made of those pulses that extended  significantly 
above the general noise level. Second, t,he amplitude of 
the pulses was taken  into account by integrating  over 
I-sec. intervals  in some cases, tmd over 10-sec. intervals 
in  other cases. The simple pulse count dRta are  the  most 
significant for comparing  with previous studies. 

Sporadic E interference was identified by  the arrival of 
amateur t,ransmissions from  distances far beyond the 
radio horizon. The geographical location of these trans- 
missions  vas det,ermined by  the identification of amateur 
call letters  and from location statements  made  by  the 
amateurs  during  their tsansmissions. Transmissions  via 
sporadic E were identified as coming from as far  north 11s 
the New England  States, as far west as Colorado, and as 
far  south as the  east coast of South America. There mere 
4 days  with  positive ident,ification of sporadic E during 
t'he  observation period and each of these days was paired 
with the nearest  day on which sporadic E was observed 
not  to occur. The  study was limited to those cases where 
the transmissions  originated  from the c,ontinental  United 
Stjates because of the readily  available meteorological data. 
Daily Weather Maps (U.S.  Department of Commerce) 
were used as the source of meteorological informat,ion. 
The areas  from which t,he transmissions were originating 
were shaded  in on the  weather maps and straight lines 
drawn  from  the ont'er edges of these  areas to  the vicinity 
.of Key  West. In  the sout,heastern  part of the  United  States 
the heavier 1)recipit)ation in July  and August is usually 
associat,ed with  thunder  and lightning.  Although not, 
uniquely  related, tQe total  amount of precipitat,ion in the 
included area is taken as a measure of the t'hunderstorm 
precipit>ation. All precipit,ation  amount,s  reported  within 
this  triangular area during II 24-hr. period that, included 
the observat.ion:ll period were recorded. The total pre- 
cipitation  amount's in the  area on the days wit,ll observn- 
ti0n.s of sporadic E were compared with  those when 
sporadic E was observed not  to occur. The specific location 
o f  the reflecting layer is not identified, nor is t'here any 
attempt to meas.ure intensity. By including all the  pre- 
cipit~nt~ion in the  area between transmission sources and 
point of reception, st considerable degree of insensitivity is 
introduced  into t.he data. 

5. RESULTS 
Figures 3 ant1 4 are photographs of t.he raw data from 

the CEC: rolls. Figure 3 is the record from  one of t,he 
flights t~lmt provided significant information as to  the 
source of radio noise from n cloud beneath as t,he aircraft 
flelv over it.  In  the  near vicinity of t'he top of the cloud 
Itreceding  :tnd following its center,  the  radio noise on the 
most. sensit,ive channel (50 mc./sec.) shows that t,he pulse 
frequency tmd amplitude increase to,  and remain t t t  :I. 

level much higher than for other portions of the  entire 
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FIGURE 3"CEC oscillograph  records of radio noise data from aircraft  passing  over  rapidly  building  cumulus cloltd 

flight. The cloud on this pnss wa.s growing vigorously 
while on the subsequent pass the cloud \vas dissipat'ing 
and 110 discernible increase above bnckground \vas noted 
in the radio noise (fig. 4) at, 50 mc./sec. We  had  learned 
earlier to  anticipate  this relationship of radio noise with 
developing  cumulus  by  monitoring the radio noise with n, 

pair of earphones.  Only on this flight, and one other U-RS 

the aircraft dose enough to an electromtLgneticdly act,ive 
cloud,  at,  t,he  proper  combination of rircnmstmces,  to 
provide positive  identification of the developing cloud as 
:I source of rttdintion dist,ingttishable from  other  atmospher- 
ics. This smnll st1.mple is not definitive for estnblishing the 
(*loud in this  ewly  stape as the  sowee,  but  other sources 
or interference were not,  readily  tq)parent. 

Table 1 gives the field strength in microvolts per meter 
of the  minimum discernible signal nnd f o r  0.1 in. de- 
flection  in the CEC charts. All receiver-recorder com- 
binations  have (I bandwidth o f  10 kc./sec. The nverage 
number of pulses per second rising one CEC chart division 

T.\BLE 1.-Receiver  sensitivities  and  chart clejlection 
... -~ ~~~ ~ "" .". 

Fwquency Field  strcngtll ior minimum Field  strength for 0.1-in. 
(mc./s?c.) discrrnihlr  sigllal (pv./rn.) , chart  deflection (pv.irn.1 

"-1 """""""_I 

(0.1 in.), or more,  above the background noise a t  each 
frequency  is sho~vn in  table 2 for ettch of four  flights on 
separate  days.  Horner [7] gives estimates of t,he  number 
o f  discharges  occurring per km.2 per sec. from  a  number 
of sowces.  His  table  is  reproduced as t,able 3. There is 
considerable  vsriation  in the NCAR data from  day to 
day, holvever most of the  counts  fall  within  the  limits 
listed by Horner [TI or exceed them  by  not  more  than one 
order of magnitude.  Only  the "Sferics" (7.35 kc./sec.) 
receiver counts  fall generally below Homer's  estimates 
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TABLE 2.--rlz'eragc of total discharge count  per  sec.  per km.2 front 
radio noise data 

Frequeucy 1 July 30 ! Aug. 4 ~ .Lug. B 1 Aug. 7 
~- - 

1 1 ~ 1" 

144 me./sec. ~. 
:YO mc./src. 

i 1 9 . 4 4 X l W  
~ fil. 98x10-6 

550 mc./see. . . I 14.54XlO-0 

From lightniurr flash counters. 
From strikes to ~o~srr l inrs  
From radio nois; ___. . . . . . ~ ~. . . . 
Short rangc VLF measurements. -. . . 
Long range VLF measurements.. 
Short range IIF mrasurements ... 
Long rame IIF measurements. . . 

~ ~.~ ~ ~ .~ 

. . .. 
.~ . 

I "_ 
'Reproduced from IIorncr [i]. 

from VLF radio noise measurements. This is due  to  greatly 
desensitizing the receiver to avoid saturation.  Even so, 
t,wo sets of values do  not differ by more than a factor of 2. 
The per-kilomete? counts  from  the  present UHF data 
are based on a circular  area  swept out  by  the line-of-sight 
from  the  aircraft,  to the  upper  portions of the  distant 
thunderstorms  (an  area  with  a  radius of approximately 
500 km.).  This is  probably an overestimate of the count,. 
Thus, we may expect that Horner's  accepted  figure of 
1 0 - ~  counts  per  km.2  per sec. for the  maximum rate of 
occurrence of discharges of all  types  is  probably  some- 
what low in  comparison  with our 50 mc./sec. data. 

In  obtaining  the  count per km.*, it is assumed that all 
receivers recorded all atmospheric discharges appearing 
in the line-of-sight urea between the  aircraft  and  clouds 
extending  above the  far horizon to a height of approxi- 
mat,ely 5 km. I n  the  datu,  the number of discernible 
pulses appearing a t  each frequency  always is a function 
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of the receiver sensitivity,  implying  a  great  range of the 
spectral  intensities of t,he discharges in the  area covered 
by  the receivers, or a  variation  in  the  areal coverage 
from receiver to receiver. It is felt that pulses of greatly 
variable  spectral  intensity are required for this  difference 
in any case-not all being strong enough to be picked up 
by all receivers a t  any given distance. Thus  the  irregularity 
of the  antenna  patterns  in combination  with  a geo- 
graphically  irregular  dist,ribution of atmospheric sourceS 
combine to give highly  variable pulse counts, difficult to 
attach physical significance tjo without  further knowledge 
of s o ~ ~ r c e  strengths  and related physical conditions  for 
discharge spectral  intensity. 

Transmission of atmospherics from far  distant sources 
via sporadic E reflect,ion or refraction may be of some 
importance in t,he total counts. I n  some  instances, voice 
transmissions via sporadic. E were observed emanating 
from sources spread  over  large nreas to the  north,  west, 
or soltth,  thus  considerably  increasing  the  area of atmos- 
pheric reception of the  airborne receivers. A  relation be- 
tween t.he trnnsmission of UHF radiation vin sporadic E 
nnd the occurrence of heavy  t,hunderstorm  precipitation 
wns ratoher forcibly brought t’o our attention  in  trying to 
eliminnte  radio t.ransmission considered “spurious” t,o our 
mnin study.  The  results of this  investigation concerning 
the occmrrences of sporadic E will be discussed. 

Table 4 gives the  total precipitation  reported in the 
nrea covered nnd the a.verage precipitation per station 
reporting  precipitation  in the  same nrea. The  amounts 
of total precipitation are grea.t,er on  the  days  with sporadic 
E than  on  the corresponding  days  without. The probability 
t,hat the precipitation  occmriny on all of the sporndic E 
days will  exceed by chance  t,hnt  occurring on all of the 
rorresponding days without,  sporadic E is (0.5)4 or 6.25 
percent;  the meteorological nwinbility  having been 
eliminated in so far as possible, by  the pairing of days as 
close together in time ns possible, usually  consecutive  days. 

As massive t,hunderst.orms  and  squall lines extend  over 
t,\vo-tenths of the distnnce from the surfnce of the  earth 
to  the lower layers of the ionosphere, it  \\-odd  not be 
surprising to find t,he lower ionosphere markedly affected 
by these  highly elect,rified storms, especially when they 
corer extensive areas as t.hey do on some of t,he days  these 

‘ J ? \ ~ L E  4 . ” T o t d  precipitation  in f h c  area  betuwn the transmission 
so1trce and Kc!/ W e s t  on darts when  sporadic E was  monitored, swn- 
nier, I964 

. ~.~ ~ ~. __ ~ ”” ~_____” 

I’recipitation total for stations rvporting precipitation 
Precipitation 
E. precxp. ,- 
no E. preclp. 

observations were made. A large  number of observers 
have  reported  correlations of sporadic E with thunder- 
storms, e.g., Wilson [21], Ratcliffe and  White [13], Bhar 
and  Syam [2], Best  et al. [ l ] ,  Stoffregen [19], Isted [SI, 
Mitra and  Kundu [lo],  Rastogi [ll] and [12]. 

A reliable statistical correlation is not we11 established 
in  many of these  papers. The  data referring to larger 
storms  are  often  diluted  with  that  from  the usual  thunder- 
storm  activity. As Rastogi [ I l l  points out  and  our small- 
sample data indicate, it is only the anomalously  large and 
tall  thunderstorms  with  unusually  heavy  precipitation 
that show a correspondence with  sporadic E activity. 
Studies of large  highly electrified storm  systems  on  a 
continuous fast response  time are needed. 

One  intriguing  aspect of a  relationship  between  the 
ionosphere and  large  thunderstorms is the possibility of a 
solar-terrestrial  weather  linkage  through  the  correlation of 
sporadic E variations  and  solar-terrestrial changes. The 
correlation of world-wide thunderstorm  act,ivity  and solar 
flare activity observed by  Reiter [14] and  the  correlation 
between major  solar  flare  activity  and  high  altitude  electric 
field reported by Cobb [3] provides further evidence to 
this point,. One  might expect these relationships if the 
earth’s  fair-weather  electric field is responsible for the 
initial  cloud electrification and is the determining  factor 
for  the sign of the  thunderstorm dipole as in the inductive 
charging  mechanism  promoted by  Sartor [17], or  the con- 
vective  mechanism  supported by Vonnegut [20]. 

6. CONCLUSIONS 

Although it appears possible to  relate electromagnetic 
radiation  to growing convective  clouds  prior to full-scale 
lightning  discharges, the  information is difficult to  isolate 
from  the general  background of “atmospherics” noise. The 
great  variability  in  the  spectral  intensity of the discharges 
over  a fixed area, however, suggests the possibility of the 
existence of discharge-producing mechanisms  related to 
the  stage of development of convective  clouds or the elec- 
tromagnetic  enviroEment  within  or  surrounding them 
t,hat could provide useful information  for the  study of the 
radio emission from the clouds in  relation  to  their physical 
properties and those of the surrounding  atmosphere. 

There  is  statistical evidence that a relationship  between 
heavy  thunderstorm  precipitation and temperate-latitude 
sporadic E exists. Further  tests  are possible by  simulta- 
neously measuring  sporadic E radio reflection intensity and 
field changes  in  t,he  main thunderstorm dipole. 
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